Plasma glucose and insulin responses to oral glucose and mixed meals and the ability of insulin to stimulate glucose disposal were quantified in normal volunteer subjects and patients with types II A, IIB, and IV hyperlipoproteinemia (HLP). The results indicated that patients with either type IIB or IV HLP had higher plasma glucose (p<0.05-<0.001) and insulin (p<0.001) responses to both oral glucose and mixed meals compared with the normal subjects and patients with type IIA HLP. Steady-state plasma glucose concentrations (mmol/L) were also higher (p<0.001) in patients with types IIB (13.3±0.6) and IV (12.8±1.2) HLP during a continuous infusion of somatostatin, glucose, and insulin than either the control group (volunteer subjects) (6.2±0.9) or patients with type IIA HLP (5.6±1.0). Because the steady-state plasma insulin concentrations were similar in all four groups, patients with either type IIB or IV HLP were resistant to insulin-mediated glucose uptake. These data indicate that patients with hypertriglyceridemia are insulin resistant, glucose intolerant, and hyperinsulinemic, irrespective of the plasma cholesterol concentration. The results further demonstrate that hypercholesterolemic patients with normal triglyceride concentrations do not have any abnormalities of glucose and insulin metabolism. Whether abnormalities of insulin metabolism also exist in patients with type IIA HLP is not clear, and these studies were initiated to address this issue. To accomplish this task we compared several aspects of glucose and insulin metabolism in four experimental groups: normal volunteer subjects and patients determined to have either types IIA, IIB, or IV HLP. Received September 9, 1992; revision accepted December 9, 1992.
Plasma glucose and insulin responses to oral glucose and mixed meals and the ability of insulin to stimulate glucose disposal were quantified in normal volunteer subjects and patients with types II A, IIB, and IV hyperlipoproteinemia (HLP). The results indicated that patients with either type IIB or IV HLP had higher plasma glucose (p<0.05-<0.001) and insulin (p<0.001) responses to both oral glucose and mixed meals compared with the normal subjects and patients with type IIA HLP. Steady-state plasma glucose concentrations (mmol/L) were also higher (p<0.001) in patients with types IIB (13.3±0.6) and IV (12.8±1.2) HLP during a continuous infusion of somatostatin, glucose, and insulin than either the control group (volunteer subjects) (6.2±0.9) or patients with type IIA HLP (5.6±1.0). Because the steady-state plasma insulin concentrations were similar in all four groups, patients with either type IIB or IV HLP were resistant to insulin-mediated glucose uptake. These data indicate that patients with hypertriglyceridemia are insulin resistant, glucose intolerant, and hyperinsulinemic, irrespective of the plasma cholesterol concentration. The results further demonstrate that hypercholesterolemic patients with normal triglyceride concentrations do not have any abnormalities of glucose and insulin metabolism. Whether abnormalities of insulin metabolism also exist in patients with type IIA HLP is not clear, and these studies were initiated to address this issue. To accomplish this task we compared several aspects of glucose and insulin metabolism in four experimental groups: normal volunteer subjects and patients determined to have either types IIA, IIB, or IV HLP.
Methods
The dyslipidemic patients in this study were individuals from either the Endocrinology or Lipid Clinics at the Tri-Service General Hospital who volunteered to participate after we informed them of our interest in the evaluation of glucose and insulin metabolism in individuals with abnormal lipoprotein metabolism. The control (volunteer) subjects were individuals who had come to the hospital for annual health examinations and were also willing to participate in these studies. To qualify for inclusion in these experiments, the participants had to be 30-70 years of age, without fasting hyperglycemia, 5 in generally good health, and on no medicine or not following any diet aimed at the improvement of lipid metabolism. Blood was obtained after an overnight fast on two occasions for measurement of fasting plasma cholesterol 6 and triglyceride (TG) 7 concentrations. High density lipoprotein (HDL) cholesterol concentration was measured after precipitation of apolipoprotein (apo) B-containing lipoproteins by phosphotungstic acid and magnesium chloride reagent. 8 The participants were divided into four groups according to the following criteria (in millimoles per liter): control, plasma TG <1.5 and cholesterol <5.0; type IIA, plasma TG <1.5 and cholesterol >6.0; type IIB, plasma TG >1.7 and cholesterol >6.0; and type IV, plasma TG >1.7 and cholesterol <5.0. Efforts were made to recruit participants into these four groups who were similar in age, gender distribution, and degree of obesity (determined by body mass index [BMI] ). Our success in this effort is substantiated by the similarity of these variables among the four study groups (see Table 1 ). The results shown in Table 1 also indicate that plasma TG concentrations were similar in patients with types IIB and IV HLP and higher than the values in either the control group or patients with type IIA HLP. It is also apparent that plasma cholesterol levels were higher in patients with types IIA and IIB HLP than those with type IV HLP or the control group and were not different from each other.
Plasma glucose and insulin responses in each participant were determined by the measurement of plasma glucose 9 and insulin 10 concentrations before and after a 75-g oral glucose challenge as well as before and after mixed meals. In the former instance, blood was obtained after an overnight fast and at 30, 60, 90,120, and 180 minutes after the oral administration of 75 g glucose. In the latter case, blood was drawn before breakfast at 8 AM and then at hourly intervals until 4 PM. The mixed meals were isocaloric, with each meal containing the following nutrients as percentages of total calories: 17% protein, 40% fat, and 43% carbohydrates. These meals, which were given at 8 AM, noon, and 6 PM, contained 20%, 40%, and 40%, respectively, of the day's total caloric intake. The total integrated plasma glucose and insulin responses to the glucose challenge and the meals were calculated; these values were used for comparison among the four groups.
The ability of insulin to promote glucose uptake was estimated by a modification 11 of the insulin suppression test originally described by our laboratory. 12 After an overnight fast intravenous catheters were placed in each arm. Blood was sampled from one arm for measurement of plasma glucose and insulin concentrations, and the other arm was used for administration of test substances. Somatostatin was administered at 250 //.g/hr in a solution containing 2.5% (wt/vol) human serum albumin by Harvard infusion pump to suppress endogenous insulin secretion. Insulin and glucose were simultaneously infused at 25 milliunits/m 2 per minute and 240 mg/m 2 per minute, respectively. Blood was sampled every half hour until 150 minutes into the study and then every 10 minutes until 180 minutes had elapsed. Insulin concentrations typically plateaued by 60 minutes and glucose at 120 minutes. The four values obtained from 150 to 180 minutes were averaged and considered to represent the steady-state plasma glucose (SSPG) and insulin (SSPI) concentrations achieved during the infusion.
Statistical Analysis
All data are expressed as mean±SEM. The statistical significance of differences among the four groups in plasma glucose and insulin responses to the 75-g oral glucose challenge and the meals, SSPG, SSPI, and HDL cholesterol concentrations were estimated by one-way analyses of variance.
13

Results
Plasma glucose and insulin concentrations for the four groups before and after the oral glucose challenge are shown in Figure 1 . The total integrated plasma glucose responses were significantly higher in those with either type IIB (/?<0.002) or IV (p<0.05) HLP compared with the control group or those with type IIA HLP. Likewise, patients with either type IIB (/?<0.002) or IV (p<0.005) HLP also had greater insulin responses than the other two groups. It is noteworthy that the magnitude of the difference in the insulin response was greater than that for glucose. Finally, the glucose and insulin responses were not different in the control and type IIA HLP groups.
Plasma glucose and insulin concentrations from 8 AM to 4 PM in response to conventional meals are illustrated in Figure 2 . Although the difference in the plasma glucose response among the groups was less dramatic than that of a pure glucose load when they were compared after meals (Figure 1 
FIGURE 2. Line graphs of plasma glucose (left panel) and insulin (right panel) responses to standard meals given at 8 AM and noontime. Symbols represent control subjects (a-a) and patients with hyperlipoproteinemia types IIA (•"-••), IIB (»-•,), and IV (O--O). Glucose
Time of Day
Time of Day IIB (/><0.005) or IV (p<0.05) HLP still had significantly higher day-long glucose responses than the other two groups. The day-long insulin response to meals was also higher in patients with type IIB or IV HLP (p<0.002) than in the other two groups, and the magnitude of the difference in the insulin responses was similar to that seen when measured after a 75-g oral glucose challenge (Figure 1) . Again, the control and type IIA HLP groups had similar glucose and insulin concentrations. SSPG and SSPI concentrations achieved during the insulin suppression test are shown in Figure 3 . SSPI concentrations (left panel) are similar in the four groups, whereas SSPG concentrations (right panel) are more than twice as high (/?<0.001) in patients with type IIB or IV HLP than in the other two groups.
Although it is self-evident from the data shown in Figures 1-3 , it is noteworthy that both the control subjects and patients with type IIA HLP were similar for all the variables measured, as were those with types IIB and IV HLP.
By selection, plasma TG concentrations in patients with types IIB and IV HLP were similar but higher than the other two groups (see Table 1 ). In addition, HDL cholesterol concentrations were lower (p<0.05) in patients with types IIB (0.83 ±0.06 mmol/L) and IV (0.75 ±0.04 mmol/L) HLP than those in individuals in the type IIA (1.09±0.07 mmol/L) and control (1.25 ±0.07 mmol/L) groups. Furthermore, the ratio of total to HDL cholesterol was lower in the control
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Control IIA IIB IV Control IIA IIB Discussion The goal of this study was to explore the association between increases in plasma TG and cholesterol concentrations and differences in the ability of insulin to mediate glucose uptake. To discuss the results in the context of this goal, it seems useful to focus on three comparisons. First, we want to summarize the results of the comparison of patients with either type IIA or IIB HLP, i.e., groups with similar plasma cholesterol but different TG concentrations. Second, it is observed that patients with type IIB HLP were insulin resistant, glucose intolerant, and hyperinsulinemic compared with subjects with type IIA HLP. In this instance the presence of hypertriglyceridemia serves as a marker of differences in glucose and insulin metabolism. Should a comparison of patients with type IV HLP with the control group now be made, it is again seen that hypertriglyceridemic subjects are insulin resistant, glucose intolerant, and hyperinsulinemic, in this case in the absence of hypercholesterolemia. Consequently, there is an association between high plasma TG concentrations and defects in glucose and insulin metabolism, irrespective of whether the groups compared are both hypercholesterolemic (types IIA and IIB HLP groups) or both normocholesterolemic (type IV HLP and control groups). Finally, in a third comparison, when groups were matched for plasma TG concentration, differences in plasma cholesterol concentration did not seem to have a significant effect on insulin action, glucose tolerance, or plasma insulin response, i.e., patients with type IIB compared with type IV HLP or type IIA HLP compared with control subjects.
FIGURE 3. Bar graphs of steady-state plasma insulin (SSPI, left panel) and glucose (SSPG, right panel) concentrations during insulin suppression tests in control subjects (m) and patients with hyperlipoproteinemia types IIA (B), IIB (a), and IV (m
Although the aforementioned comparisons clearly indicate that increases in plasma TG but not cholesterol concentrations identify individuals who significantly differ in insulin-mediated glucose uptake and plasma glucose and insulin responses to an oral glucose challenge, there are at least two noteworthy issues. An association between hypertriglyceridemia and both glucose intolerance and hyperinsulinemia was shown in 1966, 2 and in 1974 3 highly significant relations among insulin resistance, hyperinsulinemia, and plasma TG concentrations were defined in nondiabetic individuals over a wide range of plasma TG concentrations. Similar relations have also been described in individuals with normal plasma TG concentrations. 1415 Consequently, there is substantial evidence that these relations exist. Despite this apparent consensus of the experimental data, the interpretation of these observations is not self-evident. For example, we 2 " 516 have suggested that the basic defect in patients with hypertriglyceridemia is resistance to insulin-mediated glucose uptake, leading to compensatory hyperinsulinemia, increased synthesis and secretion of hepatic TG, and hypertriglyceridemia. Conversely, one could hold that primary increases in plasma TG concentration result in insulin resistance and compensatory hyperinsulinemia. 17 It is possible to argue in favor of both of these hypotheses, and we do not believe that available data permit a definitive choice to be made between these alternatives.
Finally, the relation between the results of this study and the role of dyslipidemia in the development of coronary heart disease (CHD) deserves attention. The data presented herein demonstrate that all three phenotypes have significantly higher ratios of total to HDL cholesterol than the control group. When given epidemiological evidence that this ratio is the best predictor of the risk of CHD, 18 all dyslipidemic phenotypes are at an increased risk. However, if this criterion is acceptable it is noteworthy that patients with type IIB HLP would be most at risk of CHD. In addition, there are other risk factors for CHD that also deserve attention in this context, and they also differ as a function of phenotype. Indeed, nomenclature that divides hypercholesterolemic patients into those without (type IIA) and with (type IIB) HLP has tended to emphasize the similarity in the plasma cholesterol concentrations of the two groups rather than the differences in other metabolic variables. Furthermore, designation of individuals as of either type IIA or IIB HLP implies an emphasis on the importance of hypercholesterolemia at the expense of other risk factors for CHD. Conversely, it is apparent from the results of these studies that patients with types IIA and IIB HLP are anything but similar in their carbohydrate metabolism. Should measures of in vivo insulin action, glucose tolerance, and the insulin response to oral glucose be used as the criteria, patients with type IIA HLP would most resemble the normal population, whereas these same measures document an enormous degree of similarity between patients with types IIB and IV HLP. In this context it is necessary to point out that there is evidence that both glucose intolerance and hyperinsulinemia have been shown to increase the risk of CHD. 19 -22 Furthermore, it is well known that a low HDL cholesterol concentration increases the risk of CHD, 23 -24 and the combination of high TG and low HDL cholesterol concentrations, i.e., changes in lipid metabolism seen in patients with types IIB and IV but not IIA HLP, have been shown to represent a highly atherogenic lipoprotein pattern. 25 When these factors are considered, it seems essential to realize that patients with types IIA and IIB HLP are strikingly different in multiple ways. These considerations are not meant to obviate the importance of hypercholesterolemia as an atherogenic risk but only to point out that when the metabolic differences that define and differentiate between the three phenotypes are considered, it seems obvious that therapeutic interventions should consider the characteristics of each syndrome.
